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FOREWORD 


liis  summary  edition  of  the  San  Francisco  Wastewater  Treatment 
F.lot  Plant  Study  report  contains  the  summary  and  conclusions 
c  iveloped  from  the  study  together  with  an  Appendix  in  which 
i.  presented  photographs  of  the  pilot  plant  extracted  from 
tie  complete  report. 

lie  report  has  been  metricized.     Metric  units  of  measure 
<  -e  shown  in  parentheses. 
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ADDENDUM  TO 

SAN  FRANCISCO  WASTEWATER  TREATMENT  PILOT  PLANT  STUDY 

September  1974 

ne  pilot  plant  study  was  essentially  completed  by  May  19  74 
ad  is  being  published  in  September  1974.     The  purpose  of  this 
ddendum  is  to  update  the  study  report  in  the  light  of  develop- 
snts  between  May  and  September  19  74. 

rv. August  1974,   the  San  Francisco  Bay  Regional  Water  Quality 
ontrol  Board  issued  tentative  NPDES  permits  for  the  three  San 
rancisco  wastewater  treatment  plants.     These  tentative  permits 
antain  requirements  which  are  at  considerable  variance  with 
le  requirements  anticipated  during  the  course  of  the  pilot 
Lant  study.     In  effect  the  permits  establish,  with  only  minor 
ariations,  the  same  requirements  for  both  ocean  and  bay  dis- 
large.     The  most  significant  factor  is  the  requirement  for  85 
;srcent  BOD  removal  for  discharge  to  the  ocean.  Previously 
le  requirements  for  ocean  discharge  of  the  State  Water  Resources 
Control  Board  made  no  reference  to  BOD  removal. 

1  le  pilot  plant  study  demonstrated  conclusively  that  biological 
reatment  will  be  necessary  to  assure  meeting  the  85  percent  BOD 
:  imoval  requirement  when  treating  any  of  the  three  San  Francisco 
Siwages . 


lie  report  outlines  the  many  difficulties  experienced  in  both 
Erimary  and  tertiary  physical/chemical  treatment  of  the  sewages, 
deluding  the  problems  of  coagulant  dosage  control  and  density 
ia>sets,  resulting  from  the  wide  variations  in  the  characteris- 
tics of  each  of  these  sewages.     In  addition,  studies  completed 
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at  Stanford  University  since  May  19  74  have  further  confirmed 
the  difficulties  to  be  encountered  in  the  anaerobic  digestion 
of  chemically  precipitated  sludges. 

It  appears  possible  that  sufficient  land  can  be  acquired  at  the 
Southeast  site  to  permit  expansion  of  the  Southeast  plant  to 
provide  biological  treatment  for  both  the  Southeast  and  North 
Point  sewages.     However,   at  Richmond-Sunset,   at  least  10  acres 
of  additional  land  would  be  required  to  accommodate  a  biological 
plant.     To  obtain  this  land  would  require  either  enroachment  on 
Golden  Gate  Park  or  the  condemnation  of  adjacent  residential 
property.     Either  of  these  possibilities  appears  at  this  time 
to  be  politically  impossible.     Faced  with  these  facts,  the  only 
alternatives  remaining  for  the  treatment  of  Richmond-Sunset 
sewage  to  meet  the  NPDES  permit  requirements  are  either  the 
construction  of  a  biological  plant  on  a  new  site,  perhaps  in 
the  vicinity  of  Lake  Merced,  or  transport  of  the  Richmond-Sunset 
sewage  to  the  proposed  new  biological  plant  at  the  site  of  the 
Southeast  plant. 

Neither  of  these  last  two  alternatives  would  provide  improvement 
in  the  ocean  conditions  at  Mile  Rock  until  the  Lake  Merced  ocean 
outfall  and  the  transmission  line  from  Richmond- Sunset  to  Lake 
Merced  or  the  Southeast  plant  was  completed.     At  that  time  the 
discharge  at  Mile  Rock  could  be  eliminated. 

The  Richmond-Sunset  permit  contains  interim  effluent  settleable 
solids  requirements  to  be  met  during  the  period  while  secondary 
facilities  are  being  constructed.     The  present  Richmond-Sunset 
plant  cannot  meet  these  requirements. 

As  a  part  of  the  pilot  plant  tests,  plant  scale  tests  were  run 
at  Richmond-Sunset  in  an  attempt  to  develop  a  means  of  improving 
effluent  quality  by  chemical  coagulation.     Various  chemical 
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agulants  were  used,  however,  because  of  the  problems  of  chemical 
sage  control,  high  hydraulic  loading  of  the  sedimentation  basins, 
1  the  facilities  inadequate  to  handle  the  increased  volume  of 
adge,  the  use  of  chemicals  resulted  in  a  deterioration  rather 
an  an  improvement  in  effluent  quality. 

orovement  in  the  effluent  quality  at  Richmond-Sunset  by  means 
physical/chemical  treatment  would  require  extensive  research 
both  the  areas  of  solids  handling  and  chemical  coagulant  dosage 
itrol.     Even  if  such  research  were  successful,  there  is  no 
surance  that  the  facilities  necessary  to  upgrade  the  existing 
ant  could  be  constructed  within  the  confines  of  the  existing 
3hmond- Sunset  site.     It  must,  therefore,  be  concluded  that 
^sical/chemical  treatment  should  not  be  considered  as  a  possible 
iLution  to  meeting  even  the  interim  requirements  of  the  NPDES 
'♦rmit. 
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SUMMARY  AND  CONCLUSIONS 


NOTE  TO  THE  READER 

The  complete  report  on  the  San  Francisco  Wastewater  Treat- 
ment Pilot  Plant  Study  is  quite  lengthy,  consisting  of 
several  volumes.     This  summary  section  is  intended  as  a 
brief  but  complete  overview,  highlighting  results,  con- 
clusions, and  a  brief  discussion  of  several  special  topics 
of  particular  interest  and  concern. 

BACKGROUND 

The  City  and  County  of  San  Francisco  is  served  by  a  com- 
bined sewer  system  and  three  water  pollution  control 
plants.     These  three  plants  provide  primary  treatment 
with  periodic  low  level  ferric  chloride  additions  for  a 
tributary  area  of  25,000  acres  (10 , 117  hectares)  supporting 
a   daytime    population  of  1,100,000-  and  a  resident  population 
of  730,000.     Both  the  North  Point  Plant   (65  mgd   [2.85  cu  m/ 
sec] ) average  dry  weather  ADW  flow)  and  the  Southeast  Plant 
(20  mgd  ADW  [0.88  cu  m/sec] )discharge  to  San  Francisco 
Bay.     The  Richmond-Sunset  Plant   (25  mgd  ADW   [1.1  cu  m/ 
sec] )discharges  to  the  Pacific  Ocean.     Solids  are  hauled  to 
a  sanitary  landfill  for  disposal  following  digestion,  elu- 
triation,  and  vacuum  filtration.     Figure  1  shows  the 
location  and  service  area  of  each  plant. 

Many  studies  have  been  conducted  to  develop  alternative 
methods  of  improving  effluent  quality  from  the  existing 
treatment  facilities  as  well  as  solving  the  City's  storm 
water  disposal  problem.     Expansion  is  difficult  if  not 
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FIGURE  1 

SAN  FRANCISCO 
WATER  POLLUTION  CONTROL  PLANT 
LOCATIONS  AND  SERVICE  AREAS 
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impossible  at  North  Point  and  Richmond-Sunset  due  to 
physical  and  environmental  restrictions  at  those  sites. 

The  Richmond-Sunset  Plant  is  located  in  the  westerly  end  of 
Golden  Gate  Park,  and  the  North  Point  Plant  is  in  the 
highly  developed  northern  waterfront.  Increasingly 
stringent  discharge  standards  require  continuous  plant 
upgrading.     A  principal  objective  of  this  project  was 
a  study  alternative  processes  to  meet  present  and  future 
discharge  requirements. 

In  July,   1972,  the  City  was  faced  with  the  following  dis- 
charge requirements : 

o        The  State  of  California  Water  Resources  Control 
Board   (SWRCB)   Ocean  Policy 

o        Environmental  Protection  Agency   (EPA)  require- 
ments for  secondary  treatment. 

o        The  San  Francisco  Bay  Regional  Water  Quality 
Control  Board    (RWQCB)   tentative  Bay  discharge 
requirements . 

Table  1  summarizes  these  requirements. 

The  objective  of  this  project  was  to  quantify  all  influent 
constituent  masses  and  determine  removal  efficiencies  for 
various  pilot  processes.     Candidate  processes  were  selected 
which  potentially  could  meet  existing  and  anticipated  dis- 
charge requirements  for  both  the  Bay  and  the  Ocean.  The 
feasibility  of  producing  an  effluent  usable  for  irrigation, 
industrial  reuse,  or  ground  water  recharge  was  also  to  be 
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TABLE  1 
DISCHARGE  REQUIREMENTS 


DISCHARGE  REQUIREMENTS 


CONSTITUENT 

OCEAN<1) 

EPA(2) 

BAY(3) 

JVJ  /o 

1  0% 

30-day 

7-dsy 

yu  /o 

I U  /o 

III  I  O I  L_ 

Floatables 

mg/l 

1.0 

2.0 

NONE 

NONE 

Grease  and  Oil 

mg/l 

10 

15 

NONE 

5 

Suspended  Matter 

mg/l 

50 

75 

30 

85%<4> 

45 

15 

Qottloahlo  Matter 

ml  /  1  /hr 
1111/  1  / 1 1 1 

.1 

.2 

NONE 

.1 

Turbidity 

ITI  1 

50 

75 

NONE 

10 

LHbMILAL: 

BOD5 

mg/l 

NONE 

30 

45 





0/ 

70 

85% 

85% 

Arsenic 

mg/l 

.01 

.02 

NONE 

.01 

.02 

udum  lum 

mg/l 

.02 

.03 

NONE 

.02 

.03 

1  U  la  1    wl  1 1  UI 1 1 1UI 1 1 

mg/l 

.005 

.01 

NONE 

.005 

.01 

Copper 

mg/l 

.2 

.3 

NONE 

.2 

.3 

Lead 

mg/l 

.1 

.2 

NONE 

.1 

.2 

Mercury 

mg/l 

.001 

.002 

NONE 

.001 

.002 

Nickel 

mg/l 

.1 

.2 

NONE 

.1 

.2 

Silver 

mg/l 

.02 

.04 

NONE 

.02 

.04 

Zinc 

mg/l 

.3 

.5 

NONE 

.3 

.5 

Cyanide 

mg/l 

.1 

.2 

NONE 

.1 

.2 

Phenolic 

mg/l 

.5 

1.0 

NONE 

.5 

1.0 

Total  CI2  Residual 

mg/l 

1.0 

2.0 

NONE 

1.0 

2.0 

Ammonia  (N) 

mg/l 

40 

60 

NONE 

40 

60 

TICH 

mg/l 

.002 

.004 

NONE 

.002 

.004 

PH 

6.0-9.0 

6.0-9.0 

6.5-8.5 

TOXICITY:  Various 

1.5  tu 

2.0  tu 

NONE 

40  ml/I  (RT) 

2. 


California  State  Water  Resources 
Control  Board  —  "Water  Quality 
Control  Plan  —  Ocean  Waters  of 
California"  July  6,  1972. 

Environmental  Protection  Agency  — 
Federal  Register  Vol.  3S,  No.  159, 
Part  II,    "Water  Programs  —  Secondary 
Treatment  Information". 


California  Regional  Water  Quality  Control 
Board  —  San  Francisco  Bay  Regions  Basin 
Plan  —  Tentative  Water  Quality  Objectives 
and  Waste  Discharge  Prohibitions— Dec.  19,  1972. 

The  arithmetic  mean  of  the  values  for  effluent 
samples  collected  in  a  period  of  30  consecutive 
days  shall  not  exceed  15  percent  of  the  arithmetic 
mean  of  the  values  for  influent  samples  collected 
at  approximately  the  same  times  during  the  same 
period  (85  percent  removal). 
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assessed.     A  "building  block"  approach  was  envisioned  which 
would  provide  the  basis  for  evaluating  the  cost  effective- 
ness of  incremental  construction  to  meet  more  stringent 
requirements  or  respond  to  changes  in  the  economics  of 
water  reuse. 

The  process  trains  and  sample  points  finally  adopted  are 
depicted  in  Figures  2,   3,  and  4. 

PROJECT  ELEMENTS 

Existing  Data  Review 

Of  o  assure  that  the  study  did  not  duplicate  work  by  others , 
an  extensive  investigation  was  made  of  available  data 
throughout  the  country.     It  was  originally  hoped  that  the 
data  from  various  research  projects  and  actual  plant 
operations  could  be  assembled  by  process  and  constituent 
removal,  and  then  statistically  analyzed.     After  collect- 
ing several  thousand  data  bits,  no  practical  method  was 
found  for  combining  data  from  one  source  with  that  from  another 
because  of  the  paucity  of  data  related  to  any  particular 
sequence  of  processes.     Seldom  were  the  processes  the 
same  or  even  similar.     Data  were  categorized  as  follows: 

o        Conventional  Activated  Sludge 

o        Pure  Oxygen  Activated  Sludge 

o        Biological  Treatment  plus  Direct  Filtration 

o        Biological  Treatment  plus  Chemical/Physical 
Treatment 

o        Low  Ferric  Chloride  Tertiary  Physical/Chemical 
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o        Lime  Tertiary  Physical/Chemical 
o        Nitrogen  Removal 

o        High  Alum  or  Ferric  Chloride  Tertiary 
Physical/Chemical 

.ie  data  from  each  source  and  for  each  constituent  were 
Lotted  separately,  resulting  in  over  400  statistical  plots, 
sveral  attempts  were  made  to  accurately  summarize  these 
ata.     However,  the  many  variations  made  this  impractical. 
i3  a  result,  the  data  were  simply  cataloged  and  placed 
1  file  with  the  San  Francisco  Department  of  Public 
Drks . 

review  of  these  data  plus  an  extensive  influent  charac- 
arization  program  did  indicate  that  so  long  as  the 
Dnstituents  of  concern  in  the  San  Francisco  sewages 
amained  approximately  at  the  measured  levels  any  of 
ne  treatment  processes  under  consideration  could  produce 
Efluent  meeting  most  of  the  anticipated  requirements, 
n  exception  was  the  chromium  requirement.     It  appeared 
t  the  outset  that  none  of  the  processes  could  meet  the 
roposed  requirement  of  0.005  mg/1  of  chromium.  This 
roved  to  be  the  case.     The  review  also  pointed  out  the 
Dtential  inability  of  physical/chemical  process  trains 
d  meet  the  BOD  removal  requirements. 

nfluent  Characterization  Program 

a  conjunction  with  the  data  review,  a  sampling  and  analy- 
is  program  was  conducted  at  each  plant  to  fully  character- 
ze  the  influent  sewage.     This  program  provided  data  to 
stimate  the  levels  of  constituents  expected  at  each  plant 
uring  the  pilot  plant  operation  and  to  provide  a  basis 
or  the  pilot  plant  operational  sampling  schedule.  The 
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sampling  program  involved  the  collection  of  24-hour,  flow 
proportioned  composite  samples,  and  a  peak  flow  grab  sample 
on  alternate  days  over  a     2-week     period.     The  sampling 
program  at  each  plant  was  conducted  concurrently  from  April 
16-28,  1973.     In  all,  42  samples  were  obtained,  each  of 
which  was  analyzed  for  108  constituents.     Analyses  were 
performed  by  four  state  certified  laboratories  using 
techniques  described  in  Standard  Methods  for  the  Examina- 
tion of  Water  and  Wastewater   (Edition  13)   or  by  other 
approved  methods. 

Data  received  during  the  influent  characterization  program 
were  filed  in  accordance  with  EPA's  Storet  system  in  a 
central  computer.     Apparent  anomalies  in  the  data  were 
identified,  investigated,  and  corrected  when  errors  were 
found . 


During  the  sampling  study  influent  pH  values  varied  greatly, 
The  following  table  depicts  the  range  of  pH  values  at  each 
sewage  treatment  plant: 

TABLE  2 
RAW  SEWAGE  pH  VALUES 


Plant                    Maximum  pH  Minimum  pH  Range 

Southeast                 10.4                       3.1  7.3 

North  Point                9.6                        5.7  3.9 

Richmond-Sunset         8.5                        6.1  2.4 


The  large  range  and  erratic  pH  fluctuations  at  the  Southeast 
plant  suggested  significant  intermittent  industrial  dis- 
charges.    pH  values  often  varied  over  3  pH  units  between 
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half-hour  analyses.     pH  variations  of  this  magnitude  over 
such  a  short  time  period,  in  approximatley  20  mgd  (0.88 
cu  m/sec)   flow,  can  only  be  accounted  for  by  major  indus- 
trial releases. 

Data  on  heavy  metals  in  the  Southeast  sewage  also  verified 
the  significance  of  industrial  discharges  in  the  Southeast 
service  area.     Concentrations  of  many  metals  associated 
with  industrial  discharges  at  Southeast  are  5  to  10  times 
the  concentrations  at  North  Point  and  Richmond-Sunset. 

The  other  major  finding  of  the  influent  characterization 
program  was  the  high  and  variable  quantity  of  seawater 
in  both  the  Southeast  and  North  Point  sewages. 

Due  to  the  predominance  of  industrial  discharges  at  South- 
east, an  industrial  waste  and  salinity  survey  was  conducted. 
The  survey  consisted  of  continuous  surveillance  by  the 
pilot  plant  operators  of  the  raw  sewage  characteristics 
and  an  intensive  one  week  sampling  program.  Included 
were  one-half  hour  analyses  for  pH  and  chloride  on  samples 
from  thirteen  different  manholes  on  sewers  tributary  to 
the  Southeast  plant.     The  data  identified  the  portions  of 
the  sewer  system  which  were  responsible  for  the  wide 
fluctuations  of  pH  and  salinity  at  the  Southeast  plant. 

Pilot  Plant 

Following  selection  of  processes  to  be  tested   (see  Figures 
2  and  3) ,  the  pilot  plant  was  designed,  constructed  and 
placed  in  operation  at  the  Southeast  plant  in  July,   197  3. 

The  original  concept  was  to  collect  statistical  samples 
for  25  days  at  Southeast,  then  move  the  pilot  plant  to 
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North  Point  for  testing  there.     However,  the  scope  of  the 
project  and  the  size  and  complexity  of  the  pilot  plant 
grew  to  such  proportions  that  it  became  more  practical, 
and  more  economical,  to  move  the  North  Point  sewage  to  the 
pilot  plant  than  to  move  the  pilot  plant  to  North  Point. 

The  decision  to  haul  North  Point  sewage  to  Southeast  for 
testing  also  made  it  possible  to  simulate  conditions  which 
will  result  for  implementation  of  the  City's  Master  Plan. 
As  planned,  North  Point  will  be  phased  out  as  a  dry 
weather  treatment  facility.     North  Point  sewage  will  be 
pumped  to  Southeast  for  treatment  and  disposal  through  an 
expanded  plant.     Thus,  by  hauling  5,000  gal/hour  (18,940 
1/hr)   each  hour,   24  hours  per  day,   and  mixing  three  parts 
of  North  Point  sewage  to  one  part  of  Southeast  sewage,  the 
pilot  plant  treated  a  sewage  approximating  the  actual 
sewage  which  will  result  from  the  consolidation  of  the 
two  plants. 

Following  tests  on  Southeast  and  the  combined  North  Point- 
Southeast  sewage,  tests  began  at  Richmond-Sunset.  Only 
physical/chemical  processes  were  tested  at  Richmond-Sunset. 
The  ample  data  was  available  on  biological  processes,  plus 
site  restrictions  at  Richmond-Sunset,   strongly  favored 
the  more  compact  physical/chemical  processes,  providing 
discharge  requirements  could  be  met. 

Data 

Section  VIII  presents  details  on  data  collection,  processing, 
and  presentation.     The  raw  data  are  presented  in  a  series 
of  appendices,  but  summaries  are  presented  throughout  the 
report . 
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SUMMARY  AND  CONCLUSIONS 


There  are  two  basic  bodies  of  data — that  analyzed  by  state- 
certified  laboratories ,   and  the  operating  data  analyzed  in 
a  mobile  laboratory  at  the  pilot  plant  site. 

Results 

Summaries  of  results  are  included  in  this  summary  for  each 
process  train.     In  addition,  process  requirements  to  meet 
each  discharge  requirement  are  shown.     Section  IX  ampli- 
fies these  summaries  and  Appendices  J,  K,   and  L  present 
the  complete  body  of  data. 

Economic  Evaluation 

The  objective  of  the  economic  evaluation  was  to  show  com- 
parative costs  and  area  requirements  for  each  incremental 
process  "building  block."     These  data  were  used  to  compare 
the  costs  of  alternative  process  trains,  each  capable  of 
meeting  discharge  requirements. 

Section  X  discusses  the  economic  evaluation  in  detail. 
Summary  cost  data  is  included  in  Figure 

Cost  data  are  based  on  January,  19  74,  total  present  value 
cost   (capital  plus  operation  and  maintenance)    assuming  a 
5.625%  discount  rate,  phased  construction,  and  a  20-year 
amortization  period.     The  estimates  are  "order  of  magnitude" 
values  only,   and  are  intended  to  be  used  only  for  compara- 
tive purposes.     Estimates  do  not  include  the  cost  of  land 
or  pile  foundations. 

SPECIAL  TOPICS 

Through  the  pilot  plant  study,  four  significant  areas  of 
concern  were  identified  which  merit  additional  discussion: 
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GENERAL  PROCESS  ALTERNATIVES 


PHYSICAL/CHEMICAL 


BIOLOGICAL 


FLOCCULATION 


RAW 


RAW 


CHEMICAL 
COAGULANT 


REQUIRED 
TO  MEET 

oceaim'D 

POLICY 

(50  mg/l 

Suspended 

Solids) 


SEDIMENTATION 


PRIMARY 
SEDIMENTATION 


AERATION 
(AIR  OR  OXYGEN) 


CAPITAL  COST 
PRESENT  VALUE 


$42,760,000 
$97,140,000 


CAPITAL  COST 
PRESENT  VALUE 


$86,530,000' 


ADDITIONAL 
TREATMENT 
REQUIRED  TO 
MEET  EPA<2) 
REQUIREMENTS 
(85%  BOD  Removal) 


FILTRATION 


CARBON 
ADSORPTION 


NONE 

(SAME  PROCESS 
MEETS  OCEAN  AND 
EPA  STANDARDS) 


CAPITAL  COST 
PRESENT  VALUE 


$94,120,000 
$1 73,630,000 ' 


CAPITAL  COST 
PRESENT  VALUE 


$58,280,000 
$86,530,000 


ADDITIONAL 
REQUIRED  TO 
MEET  TENTATIVE 
BAY<3)  DISCHARGE 

REQUIREMENTS 

(15  mg/l  Suspended 
Solids) 


FILTRATION 


NONE 

(SAME  PROCESS  MEETS 
EPA  AND  BAY  STANDARDS) 


CAPITAL  COST 


$94,120,000 


CAPITAL  COST 


$76,330,000 


PRESENT  VALUE  $173,630,000 


(4) 


PRESENT  VALUE  $110,390,000 


1     CALIFORNIA  STATE  WATER  RESOURCES 
CONTROL  BOARD  -  "WATER  QUALITY 
CONTROL  PLAN       OCEAN  WATERS  OF 
CALIFORNIA"  JULY  6,  1972. 

2.    ENVIRONMENTAL  PROTECTION  AGENCY 
FEDERAL  REGISTER  VOL.  38,  NO.  159 
PART  II,  "WATER  PROGRAMS  SECONDARY 
TREATMENT  INFORMATION" 


3.  CALIFORNIA  REGIONAL  WATER  QUALITY 
CONTROI    BOARD       SAN  FRANCISCO  BAY 
REGION,     BASIN  PLAN       TENTATIVE  WATER 
QUALITY  OBJECTIVES  AND  WASTE  DISCHARGE 
PROHIBITIONS    -  DECEMBER  19,  1972. 

4.  APPROXIMATE  TOTAL  PRESEN',   VALUE  COST 
INCLUDING  O&M. 

5.  DOES  NOT  INCLUDE  LAND  OR  PILE 
FOUNDATION  COSTS. 


FIGURE  5 


NORTH  POINT  -  SOUTHEAST 
PROCESS  ALTERNATIVES  AND  COMPARATIVE  COSTS 
100  MGD(4.38  m3/s)  NOMINAL  CAPACITY 
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SUMMARY  AND  CONCLUSIONS 


o        Salt  water  in  the  Southeast  and  North  Point 
sewages 

o        Industrial  waste 

o  Alkalinity 

o        Anaerobic  digestion  of  chemically  precipitated 
sludges 

Saltwater 

In  the  City's  combined  sewer  system,  there  are  many  over- 
flow structures  along  the  waterfront  where  combined  sewage 
in  excess  of  the  treatment  plant  capacities  is  periodically 
released.     Leakage  problems  are  common  with  the  tide  gates 
on  these  outlets.     In  addition  many  sewers  are  built  below 
the  water  level  of  San  Francisco  Bay.     These  sewers  are  old 
and  leak  in  some  areas.     This    saltwater   intrusion  from 
leakage  and  infiltration  results  in  major  changes  in  the 
sewage  characteristics.     There  is  some  evidence  of  periodic 
industrial  discharges  of  saltwater     (possibly  used  for 
cooling)   as  well.     Conductivity  at  Southeast  ranged  from 
2000  to  13,500  micromhos.     At  any  time  during  which  there 
was  a  significant  drop  in  salinity   (decrease  in  density)  of 
the  sewage,  the  physical/chemical  clarifiers  in  the  pilot 
plant  would  become  upset  and  lose  sufficient  flocculated 
solids  to  make  filtration  of  the  effluents  impractical. 
It  became  necessary  during  the  pilot  plant  testing  to  shut 
down  the  filters  during  periods  of  upset.     If  not  shut  down, 
filter  runs  would  be  reduced  to  less  than  an  hour  by  excessive 
head  loss  buildup  during  these  upset  periods.     As  the  in- 
coming sewage  density   (salinity)   decreases,  the  lighter 
incoming  sewage  overrides  the  heavier  sewage  already  in  the 
sedimentation  basin  and  short-circuits  directly  to  the 
effluent  weir.     The  problem  was  dramatically  noticeable  in 
the  pilot  plant  basins  where  large  quantities  of  well- 
coagulated  solids  were  periodically  observed  going  over 
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the  effluent  weir.     While  the  volume  of  these  solids  was 
sufficiently  high  as  to  preclude  filtration,  the  weight  of 
suspended  solids  lost  on  a  daily  basis  was  relatively  low. 
Thus  the  effluent  continued  to  meet  the  suspended  solids 
requirements  of  the  SWRCB  Ocean  Discharge  Policy.  However, 
any  process  that  requires  filtration  downstream  from  a 
chemical  clarifier  requires  that  attention  be  given  to 
the  solution  of  the  density  problem  before  the  process  can 
be  considered  practical. 

High  salinity  levels  also  interf erred  with  the  COD  analysis 
At  the  levels  of  chlorides  encountered,  COD  analyses  lower 
than  250  mg/1  were  unreliable. 

Variations  in  seawater  content  of  the  sewage  also  resulted 
in  major  changes  in  the  magnesium  content  of  the  raw  sewage 
The  impact  of  magnesium  levels  on  coagulation  with  lime  was 
threefold : 

o        With  high  magnesium  levels  coagulation  and 
clarification  were  excellent,  but  sludge 
thickening  and  dewatering  to  reasonable  levels 
were  not  possible. 

o        With  low  magnesium  levels    (in  the  absence  of  sea- 
water)  ,  clarification  suffered. 

o        With  high  magnesium  levels,  recalcination  of 
lime-coagulated  sludges  was  not  practical. 

Saltwater     variations  plus  changing  sewage  characteristics 
in  wet  weather  also  complicated  coagulant  control .  Pre- 
sently available  equipment  cannot  change  dosage  rapidly 
enough  to  keep  pace  with  these  rapidly  changing  sewage 
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characteristics.     High  saltwater  levels  broadened  the 
effective  range  of  all  coagulants  tested.     At  low  salt- 
water levels,  much  closer  coagulant  control  was  required. 

With  the  total  dissolved  solids  and  chloride  levels  en- 
countered, deionization  would  be  required  prior  to  reuse 
of  North  Point-Southeast  effluent.     Thus,  a  major  impact 
of  saltwater  intrusion  is  to  make  reuse  impractical.  This 
is  particularly  significant  in  view  of  the  current  emphasi 
and  interest  in  reuse  possibilities. 

Industrial  Waste 

Effective  control  of  industrial  waste  discharges  will  be 
necessary  for  the  successful  operation  of  the  processes 
considered.     Specific  problems  related  to  industry  which 
were  noted  during  pilot  tests  included: 

o        Rapidly  changing  pH,  often  varying  3  pH  units  in 
a  half  hour. 

o        Intermittent  discharge  of  high  carbonaceous  BOD 

o        Discharge  of  debris  which  complicated  plant 
operation. 

o        Intermittent  discharges  of  large  volumes  of  salt- 
water . 

The  impacts  of  industrial  discharges  were  far  less  notice- 
able on  the  combined  North  Point-Southeast  tests  than  on 
Southeast  alone  due  to  the  diluting  effect  of  the  relative 
uniform  North  Point  sewage.  Nevertheless,  industrial  con- 
trol will  be  a  prerequisite  to  successful  operation  of  any 
new  treatment  facility  at  Southeast. 
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Alkalinity 

San  Francisco's  source  of  water  supply  is  the  Tuolumne 
River  basin,   on  the  western  slope  of  the  Sierra  Nevada 
Mountains.     The  raw  water  is  of  exceptionally  high  quality 
with  very  low  mineral  content  and  alkalinity.     During  wet 
weather,  discharge  of  rain  water  into  the  combined  sewage 
system  also  reduces  the  sewage  alkalinity. 

Changing  alkalinity  levels  complicate  coagulant  control 
in  the  physical/chemical  processes.     Dosage  requirements 
vary  widely  in  dry  weather  and  wet  weather,  due  in  part  to 
changing  alkalinity. 

Digestion 

When  full-scale  tests  of  alum  coagulation  began  at  Richmond- 
Sunset,   a  rapid  loss  of  gas  production  to  60%  of  former 
levels  occurred  in  the  anaerobic  digesters.     Apparently  at 
the  chemical  doses  necessary  for  coagulation  at  Richmond- 
Sunset,   digestion  problems  result.     A  data  search  revealed 
no  information  from  other  plants  on  anaerobic  digestion  of 
chemically-treated  sludges  using  the  high  levels  of  coagu- 
lant required  at  Richmond-Sunset. 

An  experimental  program  was  designed  and  is  ongoing  in  co- 
operation with  Stanford  University.     Study  results  will 
show  effects  on  digestion  of  varying  levels  of  alum,  ferric 
chloride,   and  a  cationic  polymer   (American  Cynamid's  Magni- 
floc  509-C) . 

Results 

Results  of  the  pilot  plant  tests  are  summarized  in  the  tables 
and  figures  which  follow. 
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Tables  3  and  4  show  50%  values  for  the  Southeast  tests  and 
the  North  Point-Southeast  tests  for  the  following  processes 

1.  Raw  sewage  (untreated) 

2.  Conventional    (Air)   Activated  Sludge 

o        With  secondary  clarification  and  no  further 
treatment . 

o        With  secondary  clarification  followed  by 

alum  coagulation,  clarification,  filtration, 
and  carbon  adsorption. 

3.  High  Purity  Oxygen  Activated  Sludge 

o        With  secondary  clarification  and  no  further 
treatment . 

o        With  secondary  clarification  plus  filtration 

o        With  secondary  clarification  followed  by 
filtration  and  carbon  adsorption. 

4.  Ferric  Chloride  Coagulation 

o        With  clarification  and  no  further  treatment 

o        With  clarification  followed  by  filtration 
and  carbon  adsorption. 

o        With  clarification  followed  by  lime  coagu- 
lation and  clarification  plus  two-stage 
recarbonation . 
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TABLE  3 


SOUTHEAST  TEST  PROGRAM 
CONSTITUENTS  IN  DISCHARGE  REQUIREMENTS 
PROCESS  50%  VALUES 


CONV. 

H.P.O 

FERRIC 

CHLORIDE 

ALUM 

UNITS 

STAN- 
DARD 

PROCESS 

A/S 

A/S 

COAGULATION 

COAG. 

(1) 

RAW 
SEWAGE 

SEO. 
ONLY 

PLUS 
ALUM 
FILT. 
CARB. 

SED. 
ONLY 

PLUS 
FILT 

PLUS 
FILT.& 
CARB 

SED. 
ONLY 

PLUS 
CARB 

PLUS 
LIME  & 
RECARB 

PLUS 
LIME 
F I  LT.& 
CARB. 

SEO. 
ONLY 

PLUS 
Fl  LT.& 
CARB. 

SAMPLE  POINT 

1 

5 

9 

10 

11 

12 

14 

16 

21 

23 

28 

30 

METALS 

Arsenic 

p  g/l 

10<21 

3.5 

1.9 

1 

2 

1 

1 

1 

1 

1 

1 

1 

Cadmium 

ug/l 

20(2) 

5.7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Chromium  (T) 

fig/1 

5(2» 

1.600 

95 

18 

210 

45 

93 

25 

25 

21 

98 

26 

Copper 

P9/I 

200,2) 

194 

11 

5 

18 

5 

15 

7.5 

5 

5 

15 

8 

Cyanide 

mg/l 

0.1 '21 

0.04 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

0.01 

0.02 

0.01 

Lead 

100(21 

190 

1  7 

5 

19 

5 

8 

5 

5 

5 

10 

5 

Mercury 

,(2) 

1.3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ii  n/l 

mn'21 

1  uu 

95 

46 

33 

53 

53 

62 

45 

19 

12 

45 

15 

Si  Iv6f 

1 1  n/l 

/j  g/l 

28 

1 .5 

1 

3 

1 .3 

2.2 

1.4 

1 

1 

2.5 

1.1 

Zinc 

1 1  n/l 

{2} 

300 

700 

150 

102 

220 

1 40 

1  ~it\ 
I  /u 

110 

19 

28 

140 

20 

CHEMICAL 

BOD5 

mg/l 

30,3> 

267 

11.6 

3.2 

10 

3.2 

73 

29.1 

44 

26.3 

62 

23.7 

□  nn  (4)  % 

R  ©  m  o  v© 

85(3) 

94 

98 

95 

98 

70 

88 

82 

88 

76 

89 

Oil  &  Grease 

mg/l 

5<5) 

84 

2.6 

2 

2.6 

1.8 

2.6 

2.2 

1.8 

1.7 

4.6 

2.4 

Phenol 

500,2) 

300 

24 

1 

30 

1 

310 

1 

300 

1 

300 

1 

NUTRIENTS 

Ammonia 

mg/l 

40(21 

14  8 

(6) 
8.2 

(6) 
6.2 

14 

14.8 

14 

13 

13.8 

PHYSICAL 

Floatables 

mg/l 

1(2) 

6.5 

2.7 

0.3 

2.7 

0.3 

1.3 

0.3 

1.9 

0.3 

1.7 

0.5 

Settleable  Solids 

ml/1 

0.1<2' 

9 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

Suspended  Solids 

mg/l 

15,5» 

324 

26 

2.4 

31 

12 

5.3 

30 

6.3 

9 

4.3 

36.8 

8.6 

Turbidity  ,4> 

FTU 

10151 

118 

10 

1.2 

20 

3 

4 

20 

2.7 

9.8 

2 

22 

9.4 

BIOASSAYS 

12) 
1.5 

Toxicity 

tu 

0.09 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.8 

TCHC 

2(2) 

1.3 

0.30 

0.08 

0.47 

0.072 

0.16 

0.028 

0.14 

0.037 

0.15 

0.019 

(1)  Most  stringent  standard  for  other 
standards  see  table  9  3. 

(2)  SWRCB 

(3)  EPA 


(4)  Average  Values 

(5)  RWQCB 

(6)  Conv.  A/S    was  nitrifying 
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TABLE  4 


NORTH  POINT  -  SOUTHEAST  TEST  PROGRAM 
CONSTITUENTS  IN  DISCHARGE  REQUIREMENTS 
PROCESS  50%  VALUES 


CONV. 

H.P.O. 

FERRIC 

CHLORIDE 

ALUM 

UNITS 

STAN- 
DARD 

PROCESS 

A/S 

A/o 

COAGULATION 

COAG. 

(1) 

RAW 
SEWAGE 

SED. 
ONLY 

PLUS 
ALUM 
FILT. 
CARB 

SED. 
ONLY 

PLUS 
FILT. 

PLUS 
FILT.& 
CARB. 

SEO. 
ONLY 

PLUS 
FILT.& 
CARB. 

PLUS 
LIME  & 
RECARE 

PLUS 
LIME 
FILT.& 
CARB. 

SEO. 
ONLY 

PLUS 
FILT.& 
CARB. 

SAMPLE  POINT 

1 

5 

g 

10 

11 

12 

14 

16 

21 

23 

28 

30 

METALS 

Arsenic 

fig/I 

(2) 

2.4 

2 

1 

1.6 

2 

1 

1 

1 

1 

1 

Cadmium 

M9/I 

 (21 

20^' 

3.1 

1.2 

1 

1.3 

1 

1 

1 

1 

1 

1 

1 

Chromium  (T) 

tig/\ 

5,2) 

435 

94 

33 

140 

40 

54 

40 

40 

32 

71 

40 

Copper 

fig/I 

200,2) 

150 

14 

89 

20 

5 

8 

40 

5 

g 

1 5 

10 

Cyanide 

mg/l 

0.1  121 

0.03 

0.01 

0.01 

0.01 

0.01 

0.02 

0.01 

0.01 

0.01 

0.02 

0.01 

Lead 

ftq/l 

100,2) 

110 

18 

5 

22 

5 

7 

5 

5 

5 

10 

5 

Mercury 

f&l 

,(2) 

1.2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Nickel 

pg/i 

100(2) 

48 

32 

20 

40 

30 

41 

30 

19 

16 

27 

20 

Silver 

tig/\ 

20(2I 

31 

3 

2 

3.2 

1 

1 

2 

1 

1 

2.4 

1 

Zinc 

Hg/\ 

300,2) 

580 

290 

63 

320 

230 

200 

34 

22 

28 

100 

37 

CHEMICAL 
BOD5 

mg/l 

30,3» 

210 

7,7) 

(7) 
2  5 

6.9 

3.4 

33.9 

(71 

32 

21.5 

33 

171 
5.6 

BOD5(4)  % 

Remove 

85,3» 

93 

99 

96 

98 

83 

90 

83 

87 

81 

94 

Oil  &  Grease 

mg/l 

5(5) 

29.4 

2 

1  6 

2.4 

1 .6 

1.6 

z.o 

1 .0 

2.0 

1 .0 

Phenol 

Mg/l 

500(2» 

170 

9 

2 

11 

1 

50 

1 

100 

1 

50 

1 

•NUTRIENTS 

Ammonia 

mg/l 

40,2> 

14.4 

(6) 
0.57 

(6) 
0.48 

12.4 

12 

13.6 

12.8 

13.6 

PHYSICAL 

Floatables 

mg/l 

,(2) 

0.5 

0.2 

0.1 

0.3 

0.1 

0.1 

0.1 

0.2 

0.1 

0.1 

0.1 

Settleable  Solids 

ml/1 

0.1<2> 

3.2 

0.1 

0.1 

0.1 

0.1 

0  1 

0.1 

0.1 

0.1 

0.1 

0.1 

Suspended  Solids 

mg/l 

15,5) 

174 

16 

1.9 

24 

10 

2.3 

19  5 

5 

6  3 

3.9 

31 

4.3 

Turbidity ,4) 

FTU 

10(51 

95 

6.7 

0.4 

9.9 

2.5 

0.7 

4.8 

1.9 

5.1 

0.7 

1 1 

2.7 

BIOASSAYS 
Toxicity 

tu 

(2) 
1.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TCHC 

(2) 

2 

0.5 

0.06 

0.016 

0.04 

0.018 

0.04 

0.011 

005 

0.012 

0.07 

0.007 

(1)  Most  stringent  standard  for  other 
standards  see  table  9-3. 

(2)  SWRCB 

(3)  EPA 


(4)  Average  Values 

(5)  RWQCB 

(6)  Conv.  A/S  was  nitrifying 

(7)  Carbon  column  was  acting  as  anaerobic 
biological  filter. 
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o 


With  clarification  followed  by  lime 
coagulation  and  clarification,  two-stage 
recarbonation,   filtration,   and  carbon 
adsorption. 


5. 


Alum  Coagulation 


o 


With  clarification  and  no  further  treatment. 


o 


With  clarification  followed  by  filtration 


and  carbon  adsorption. 

Sample  points  shown  on  the  tables  refer  to  numbered  points 
on  the  process  schematics,  Figure  2  and  Figure  3. 

Table  5  shows  similar  constituent  data  on  the  alum  coagu- 
lation test  at  Richmond-Sunset.     It  should  be  noted  that  the 
sewage  during  this  test  was  relatively  weak.  Subsequent 
test  results  on  stronger  sewage  produced  results  similar 
to  those  obtained  during  the  North  Point-Southeast  test. 

The  extensive  test  programs  on  the  Southeast  and  North 
Point-Southeast  sewages  established  process  capabilities  to 
such  an  extent  that  the  same  level  of  effort  was  not  re- 
quired at  Richmond-Sunset.     Thus,   neither  biological  tests 
nor  the  lengthy  test  periods  were  used  at  Richmond-Sunset. 

Values  in  Table  5,  the  Richmond-Sunset  data,  represent 
average  values  based  on  3  to  11  samples,  depending  on  the 
constituent.     Conversely,  Tables  3  and  4  show  50%  values 
from  25  composite  samples. 

The  most  difficult  sewage  to  treat  is  the  Southeast 
sewage  alone.     Figure  6  summarizes  removals  graphically 
at  Southeast  for  the  following: 
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TABLE  5 


RICHMOND-SUNSET  PROGRAM 
CONSTITUENTS  IN  DISCHARGE  REQUIREMENTS 
AVERAGE  VALUES 


unit; 

I 

.  STAN- 
'  DARO 

PROCESS 

ALUM  COAGULATION 

(1) 

RAW 
SEWAGE 

SEDIMENTATION 
ONLY 

PLUS 
FILTRATION 

PLUS 
CARBON 

NO.  OF 
DATA 
POINTS 

SAMPLE  POINT 

81 

82 

83 

84 

METALS 

Arsenic 

/J  9/1 

10<21 

3.0 

1.6 

1.4 

1.0 

5 

Cadmium 

3,(21 

1.8 

1.0 

1.0 

1.0 

5 

Chromium  (T) 

Hg/\ 

5(2) 

29 

14 

1 2 

1 0 

e 

Copper 

/jg/l 

200121 

70 

16 

30 

6 

5 

Cyanide 

mg/l 

0.1  ,2> 

10 

3 

Lead 

jig/I 

100(2> 

100 

25 

14 

7  5 

5 

Mercury 

tui 

1.1 

1 

1 

5 

Nickel 

^g/i 

100(2) 

14 

16 

14 

18 

-1 

<j 

Silver 

u  g/l 

20(2) 

12 

4 

3  4 

1  1 
1  .j 

5 

Zinc 

P  9/1 

300<21 

200 

100 

130 

130 

3 

CHEMICAL 

BOD5 

mg/l 

30131 

-  141 

34 

23.5 

9  4 

11 

BOD5(4'  % 

Remove 

85,3> 

Oil  &  Grease 

mg/l 

5(5) 

47.2 

4.4 

1.0 

1.8 

11 

Phenol 

/J  9/1 

500(2» 

130 

50 

50 

4 

5 

NUTRIENTS 

Ammonia 

mg/l 

40l2) 

18 

13.2 

12.4 

11.4 

11 

PHYSICAL 

Floa  tables 

mg/l 

,(21 

5.4 

0.2 

0.1 

0.1 

11 

Settleable  Solids 

ml/I 

0.1«21 

6.0 

0.3 

0  1 

0.1 

11 

Suspended  Solids 

mg/l 

15,5> 

159 

35 

7.8 

2.0 

11 

Turbidity ,4) 

FTU 

10,5> 

70 

17.2 

1.9 

2.8 

11 

BIOASSAYS 
Toxicity 

tu 

(2) 
1.5 

0.0 

0.0 

0.0 

0.0 

5 

TCHC 

(2) 

2 

0.3  | 

0.04 

0.09 

0.008 

3 

(1)  Most  stringent  standard  for  other  (4)     Average  Values 
standards  see  table  9-3.  (5)  RWQCB 

(2)  SWRCB 

(3)  EPA 
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O 


Percent  BOD  removal 


o 


Residual  BOD 


o 


Total  Chromium 


o 


Oil  and  Grease 


o 


Total  Phosphate 


The  applicable  discharge  standard  for  each  constituent  is 
also  shown. 

Figure  5  was  prepared  to  show  general  process  requirements 
and  comparative  costs  to  meet  each  of  the  applicable 
discharge  standards,  with  the  exception  of  the  total 
chromium  standard.     None  of  the  processes  tested  at  any  of 
the  treatment  plants  could  meet  the  0.005  mg/1  total 
chromium  standard. 

Conclusions 

The  conclusions  which  follow  are  subdivided  into  the  fol- 
lowing categories: 

o  General 

o        North  Point-Southeast 
o  Richmond-Sunset 
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SUMMARY  AND  CONCLUSIONS 

A.  General 

1.  A  stringent  rigorously  enforced  industrial  waste 
discharge  control  program  is  essential  to  the 
satisfactory  operation  of  any  treatment  process. 

2.  None  of  the  processes  tested  can  meet  the  SWRCB 
requirements  for  effluent  total  chromium  concen- 
tration of  not  more  than  0.005  mg/1  whether 
treating  Southeast,  North  Point  or  Richmond- 
Sunset  sewage. 

3.  Alum,  ferric  chloride,  and  lime  are  equally  satis 
factory  coagulants  in  terms  of  those  effluent 
constituents  included  in  EPA  and  SWRCB  standards. 

4.  The  cationic  polymer  Magnifloc  509-C  is  not  effec 
tive  in  removing  soluble  phosphorous. 

5.  An  anionic  polymer  coagulant  aid  is  essential  to 
satisfactory  floe  formation.     The  anionic  polymer 
should  be  added  at  a  point  at  least  3  minutes 
downstream  from  the  primary  coagulant  to  allow 
adequate  reaction  time. 

6.  Magnifloc  509-C,  when  diluted  with  water,  will 
separate  in  storage. 

7.  The  high  dose  of  ferric  chloride  required  to 
coagulate  the  San  Francisco  sewages  will  have  a 
major  adverse  effect  on  anaerobic  digestion  of 
the  sludge  produced.     There  is  some  indication  of 
a  potential  cumulative  toxic  effect.  Additional 
study  is  necessary  to  quantify  this  effect. 
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8.       The  high  dose  of  alum  required  to  coagulate  the 
San  Francisco  sewages  will  have  a  major  adverse 
effect  on  anaerobic  digestion  of  the  sludge  pro- 
duced.    Additional  study  is  necessary  to  quantify 
this  effect. 


The  permissible  sedimentation  basin  overflow 
rates  to  produce  effluents  meeting  the  SWRCB 
ocean  discharge  requirements  and  to  produce  a 
filterable  effluent  with  various  coagulants  are: 


Coagulant 


Overflow  Rate  gpd/sq  ft 
Filterable  Effluent 
Effluent  Meeting  SWRCB 


Alum  *1200 
Ferric  *1200 
Magnifloc  509-C  *1600 


1600 
1600 
2000 


*  Reduced  to  1000  gpd/sq  ft  for  North  Point- 
Southeast  estimates  because  of  density  change  up- 
sets . 

10.       For  filtration  to  be  practical,  sedimentation 

basin  effluent  must  contain  no  more  than  a  trace 
of  settleable  solids  and  should  have  a  turbidity 
of  less  than  15  FTU. 


11.       The  use  of  the  cationic  polymer  Magnifloc  509-C 
has  little  or  no  effect  on  the  pH  of  the  sewage 
and  does  not  require  the  addition  of  chemicals  for 
alkalinity  control. 
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12.  Alum  and  Magnifloc  509-C  can  be  used  in  combination 
as  primary  coagulants.     However,  the  combination 
offers  no  advantage  over  the  two  coagulants  used 
separately  and  adds  to  the  complexity  of  chemical 
feed  control. 

13.  The  use  of  Magnifloc  509-C  for  coagulation  of 
rain  diluted  sewage  requires  a  small  percentage 
recycle  of  previously  settled  solids  for  effi- 
cient coagulation. 

14.  Automatic  control  of  coagulant  dosage  is  essential 
to  the  production  of  a  filterable  settled  effluent. 

15.  The  addition  of  coagulant  chemicals  to  wastewater 
creates  a  potential  foaming  problem  that  must  be 
considered  in  treatment  plant  design. 

16.  In  the  course  of  this  project,  several  areas 

were  identified  where  ongoing     studies  are  needed: 

o        Anaerobic  digestion  of  chemically  treated 
sludges . 

o        Improved  laboratory  procedures  for  tests  of 
oil  and  grease,  floatables,  and  COD  for 
samples  of  high  salinity. 

o        A  satisfactory  method  of  determining  and  con- 
trolling the  proper  coagulant  dose  for  storm 
water-diluted  combined  sewage.  Presently 
available  technology  is  inadequate  to  follow 
the  rapid  changes  in  coagulant  requirements. 
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This  is  particularly  significant  in  relation 
to  the  San  Francisco  Master  Plan  proposal 
for  chemical  coagulation  of  storm  water. 

o  The  value  of  or  need  for  mechanical  floc- 
culation  in  the  treatment  of  rain-diluted 
sewage. 

North  Point-Southeast 

1.  At  present  and  for  the  foreseeable  future  there 
appears  to  be  no  practical  potential  for  reuse 
of  the  effluents  from  plants  treating  the  North 
Point  and  Southeast  sewages  due  to  the  high  dis- 
solved solids  in  the  sewage  and  the  cost  of 
reducing  them  to  levels  necessary  for  most  types 
of  reuse. 

2.  The  development  of  a  means  of  reducing  the  rate 
of  density  changes  in  the  North  Point  and  South- 
east sewages  is  a  prerequisite  to  consideration 
of  chemical  coagulation-filtration  processes. 
The  reduction  must  be  sufficient  to  prevent  up- 
sets of  the  sedimentation  basins  and  the 
resulting  impractically  short  filter  runs. 

3.  Even  without  control  of  sewage  density  variations, 
properly  designed  coagulation  and  sedimentation 
facilities  can  treat  the  blended  North  Point- 
Southeast  sewage  to  produce  an  effluent  meeting 
the  current  SWRCB  Ocean  Discharge  requirements 
with  the  exception  of  the  standard  for  chromium. 
(The  SWRCB  Discharge  Requirements  do  not  include 
BOD  removal . ) 


29 


SUMMARY  AND  CONCLUSIONS 


Tertiary  physical/chemical  treatment  of  combined 
North  Point-Southeast  sewage  would  be  only 
marginally  successful  in  meeting  the  EPA  30  mg/1 
effluent  BOD  requirement. 

The  high  magnesium  concentration  in  the  North 
Point  and  Southeast  sewages  makes  lime  coagula- 
tion to  pH  11.2  an  easily  controlled  process 
producing  an  effluent  of  excellent  clarity. 
However,  because  of  this  high  magnesium  concen- 
tration, sludge  dewatering  and  thickening  are 
extremely  difficult.     It  is  not  economically 
practical  to  recalcine  the  sludge  leaving  no 
practical  method  of  sludge  disposal. 

Limited  data  available  from  observations  of  the 
performance  of  the  lime  clarifier  during  periods 
of  storm  water  runoff  indicate  that  lime  coagula- 
tion in  the  absence  of  saltwater  would  be 
difficult  and  might  require  the  addition  of  a 
supplemental  coagulant.     The  magnesium  present 
in  the  saltwater  serves  as  a  coagulant. 

With  control  of  the  North  Point-Southeast  sewage 
density  variations,  coagulation  with  alum  or 
ferric  chloride  followed  by  filtration  and  acti- 
vated carbon  can  produce  an  effluent  marginally 
meeting  the  requirements  of  the  EPA  and  the  SWRCB 
Tentative  Bay  Discharge  Standards  with  the 
exception  of  the  chromium  standard. 

While  control  of  salinity  induced  density  changes 
is  essential  to  satisfactory  physical/chemical 
treatment  of  the  North  Point-Southeast  sewage, 
plant  scale  testing  at  the  Richmond-Sunset  plant 
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in  addition  to  bench  scale  testing  indicates  that 
the  elimination  of    saltwater    from  these  sewages 
will  make  it  difficult  to  properly  control 
the  coagulant  dose  during  periods  when  the 
sewage  is  diluted  with  rain  water.     The  presence 
of  rain  water  narrows  the  band  of  permissible 
coagulant  doseage. 

9.       The  intentional  addition  of  San  Francisco  Bay 
water  to  the  North  Point  and  Southeast  sewages 
plus  the  intruded   saltwater    broadens  the  range 
of  chemical  dosages  which  will  provide  satis- 
factory coagulation.     In  other  words,  with  the 
addition  of   saltwater    a  given  chemical  dosage 
will  provide  satisfactory  coagulation  over  a 
much  wider  range  of  raw  sewage  conditions  than 
would  be  possible  without  the  added  saltwater. 
This  accounts  for  the  success  which  has  been 
experienced  in  operating  the  North  Point  and 
Southeast  plants  with  relatively  low  doses  of 
ferric  chloride. 

10.  When  treating  the  blended  North  Point-Southeast 
sewage,  either  the  conventional  activated  sludge 
process  or  the  high  purity  oxygen  activated 
sludge  process  can  produce  an  effluent  meeting 
the  EPA  requirements.     Both  processes  would  re- 
quire the  addition  of  filtration  to  consistently 
meet  the  tentative  Bay  discharge  requirement  for 
effluent  suspended  solids  not  exceeding  15  mg/1 . 

11.  Comparing  the  two  biological  systems  tested,  the 
conventional  air  activated  sludge  process  produces 
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an  effluent  of  higher  pH,  lower  turbidity,  and 
lower  metals  concentration  than  does  the  high 
purity  oxygen  activated  sludge.     The  high  purity 
oxygen  activated  sludge  is  the  more  stable  pro- 
cess and  produces  a  more  compact  sludge. 

12.  The  relative  capital ,  operation,  maintenance, 
and  repair   (OM&R) ,  and  present  value  costs  of 
primary  physical/chemical   (PP/C)   and  activated 
sludge   (A/S)   treatment  necessary  to  meet  the 
SWRCB  Ocean  Discharge  Requirements  are: 

PP/C  A/S 

Capital  Cost  $42,760,000  $58,280,000 

OM&R  6,410,000  3,910,000 
Total  Present 

Value  97,140,000  86,530,000 

13.  The  relative  costs  of  tertiary  physical/chemical 
(TP/C)  and  activated  sludge  treatment  necessary 
to  meet  the  EPA  discharge  requirements  are: 

T  P/C  A/S 

Capital  Cost  $94,120,000  $58,280,000 

OM&R  9,890,000  3,910,000 

Total  Present 
Value  173,630,000  86,530,000 
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14.       The  relative  costs  of  tertiary  physical/chemical 

and  activated  sludge  treatment  necessary  to 
meet  the   SWRCB  Tentative  Bay  Discharge  Require- 
ments are : 

TP/C  A/S 

Capital  Cost  $94,200,000  $76,330,000 

OM&R  9,890,000  4,560,800 

Total  Present 
Value  173,630,000  110,390,000 

C.       Richmond- Sunset 

1.  It  is  doubtful  if  tertiary  physical/chemical 
treatment  of  Richmond-Sunset  sewage  can  con- 
sistently meet  the  EPA  30  mg/1  effluent  BOD 
requirement . 

2.  The  limited  area  of  the  present  Richmond-Sunset 
plant  site  makes  it  impractical  to  consider  the 
construction  of  tertiary  physical/chemical  treat- 
ment units  within  the  boundaries  of  the  site. 

3.  The  present  Richmond-Sunset  site  will  accommo- 
-date  the  construction  of  facilities  sufficient 
to  provide  primary  physical/chemical  treatment 
using  either  alum  or  Magnifloc  509-C  as  the 
primary  coagulant. 

4.  Primary  physical/chemical  treatment  of  Richmond- 
Sunset  sewage  can  produce  an  effluent  meeting 
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the  SWRCB  Ocean  Discharge  Requirements.  When 
combined  with  an  activated  sludge  effluent  from 
a  North  Point-Southeast  plant  the  resulting 
effluent  might  marginally  meet  the  EPA  Discharge 
Requirements . 

A  high  purity  oxygen  activated  sludge  expansion 
of  the  Richmond-Sunset  plant  could  be  accomplished 
with  the  acquisition  of  approximately  10  acres 
(4  hectares)   of  additional  adjacent  land. 

Primary  physical/chemical  treatment  of  Richmond- 
Sunset  sewage  with  Magnifloc  509-C  will  require 
the  addition  of  chemical  feed  facilities,  sedi- 
mentation basins,  sludge  thickeners,  and  vacuum 
filters.     With  alum  coagulation,  an  additional 
digester  will  also  be  needed. 

While  activated  sludge  processes  were  not  tested 
on  Richmond-Sunset  sewage,  the  results  of  the 
North  Point-Southeast  tests  fully  demonstrate 
the  ability  of  this  process  to  satisfactorily 
treat  Richmond-Sunset  sewage  to  consistently 
meet  the  EPA  requirements. 

The  effluent  from  an  activated  sludge  Richmond- 
Sunset  treatment  plant  should  be  suitable  for 
irrigation  since  salinity  is  not  a  problem  in 
the  Richmond-Sunset  sewage. 

The  relative  costs  of  the  three  treatment  pro- 
cesses considered  practical  alternatives  for 
treatment  of  Richmond-Sunset  sewage  are: 
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Process 

Alum  509-C  HPO 

PP/C  PP/C  A/S 


Capital  Cost  $  6,690,000  $  4,830,000  $14,590,000 
OM&R  Cost  1,670,000       2,760,000  1,040,000 

Total  Present 

Value  21,550,000     30,330,000  22,270,000 

Effluent  Re- 
quirement 

Capability  SWRCB  SWRCB  EPA  &  SWRCB 


Ferric  chloride  is  not  considered  a  practical 
coagulant  for  Richmond-Sunset  sewage  because  of 
the  narrow  range  of  satisfactory  dosage  and  the 
potential  sludge  digestion  problems. 
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SECTION  XII 


GLOSSARY  AND  ABBREVIATIONS 

GLOSSARY 

ACTIVATED  CARBON.     Carbon  particles  usually  obtained  by  car- 
bonization of  cellulosic  material  in  the  absence  of  air  and 
possessing  a  high  adsorptive  capacity. 

ACTIVATED  SLUDGE  PROCESS.     A  biological  wastewater  treatment 
process  in  which  a  mixture  of  wastewater  and  activated  sludge 
is  agitated  and  aerated.     The  activated  sludge  is  subsequently 
separated  from  the  treated  wastewater   (mixed  liquor)   by  sedi- 
mentation and  wasted  or  returned  to  the  process  as  needed. 

ALKALINITY.     The  capacity  of  water  to  neutralize  acids,   a  pro- 
perty imparted  by  the  water's  content  of  carbonates,  bicarbon- 
ates,  hydroxides,  and  occasionally  borates,   silicates,  and 
phosphates.     It  is  expressed  in  milligrams  per  liter  of  equiv- 
alent calcium  carbonate. 

ALUM.     A  common  name,  in  the  water  and  wastewater  treatment 
field,  for  commercial-grade  aluminum  sulfate.     Dosage  of  alum 
as  Al2 (S04) 3-14 (H20) . 

ALUMINUM  SULFATE.     A  chemical,  formerly  sometimes  called 
"waterworks  alum"  in  water  or  wastewater  treatment,  prepared 
by  combining  a  mineral  known  as  bauxite  with  sulfuric  acid. 

ANAEROBIC  DIGESTION.     The  degradation  of  organic  matter 
brought  about  through  the  action  of  microorganisms  in  the 
absence  of  elemental  oxygen. 

ANAEROBIC  WASTE  TREATMENT.     Waste  stabilization  brought  about 
through  the  action  of  microorganisms  in  the  absence  of  air  or 
elemental  oxygen.     Usually  refers  to  waste  treatment  by  methane 
fermentation . 

ANIONIC  POLYMER.  A  polymeric  compound  with  net  negative  charge 
Used  primarily  as  a  coagulant  aid. 

BIOCHEMICAL  OXYGEN  DEMAND    (BOD) .     A  standard  test  used  in  asses 
ing  wastewater  strength.  The  quantity  of  oxygen  used  in  the  bio 
chemical  oxidation  of  organic  matter  in  a  specified  time,  at  a 
specified  temperature,  and  under  specified  conditions. 

BIOLOGICAL  WASTEWATER  TREATMENT.     Forms  of  wastewater  treat- 
ment in  which  bacterial  or  biochemical  action  is  intensified 
to  stabilize,  oxidize,  and  nitrify  the  unstable  organic  mat- 
ter present.     Intermittent  sand  filters,  contact  beds,  trick- 
ling filters,  and  activated  sludge  processes  are  examples. 


12-1 


GLOSSARY  AND  ABBREVIATIONS 


BOD  LOAD.     The  BOD  content,  usually  expressed  in  pounds 
per  unit  of  time,  of  wastewater  passing  into  a  waste 
treatment  system  or  to  a  body  of  water. 

CATIONIC  POLYMER.     A  polymeric  compound  with  a  net  posi- 
tive charge.     Used  as  a  primary  coagulant. 

CHEMICAL  OXYGEN  DEMAND    (COD).     A  measure  of  the  oxygen- 
consuming  capacity  of  inorganic  and  organic  matter  present 
in  water  or  wastewater.     It  is  expressed  as  the  amount  of 
oxygen  consumed  from  a  chemical  oxidant  in  a  specific  test. 
It  does  not  differentiate  between  stable  and  unstable 
organic  matter  and  thus  does  not  necessarily  correlate  with 
biochemical  oxygen  demand.     Also  known  as  OC  and  DOC,  oxygen 
consumed  and  dichromate  oxygen  consumed,  respectively. 

CLARIFICATION.     Any  process  or  combination  of  processes  the 
primary  purpose  of  which  is  to  reduce  the  concentration  of 
suspended  matter  in  a  liquid. 

CLARIFIED  WASTEWATER.     Wastewater  from  which  most  of  the 
settleable  solids  have  been  removed  by  sedimentation.  Also 
called  settled  wastewater. 

CLARIFIER.     A  unit  of  which  the  primary  purpose  is  to  secure 
clarification.     Usually  applied  to  sedimentation  tanks  or 
basins.     See  sedimentation  tank. 

COMBINED  SEWER.  A  sewer  intended  to  receive  both  wastewater 
and  storm  or  surface  water. 

COMBINED  WASTEWATER.     A  mixture  of  surface  runoff  and  other 
wastewater  such  as  domestic  or  industrial  wastewater. 

COMMINUTION.     The  process  of  cutting  and  screening  solids 
contained  in  wastewater  flow  before  it  enters  the  flow 
pumps  or  other  units  in  the  treatment  plant. 

COAGULANT  AID.     Any  chemical  or  substance  used  to  assist 
or  modify  coagulation. 

COAGULATION.     In  water  and  wastewater  treatment,  the  de- 
stabilization  and  initial  aggregation  of  colloidal  and 
finely  divided  suspended  matter  by  the  addition  of  a  floc- 
forming  chemical  or  by  biological  processes. 

FERRIC.     Commercial-grade  ferric  chloride.     Dosage  of 
ferric  given  as  FeCl^. 
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FERRIC  CHLORIDE.     A  soluble  iron  salt,   FeCl3,   formed  by 
the  superchlorination  of  waste  pickle  liquor,  FeCl9. 

FILTERED  WASTEWATER.     Wastewater  that  has  passed  through  a 
mechanical  filtering  process  but  not  through  a  trickling 
filter  bed. 

FILTER  LOADING.  Hydr aulically ,  the  quantity  of  liquid 
applied  per  unit  of  filter  bed  area  or  volume  per  day. 

FILTERABLE  EFFLUENT.     A  sedimentation  basin  effluent  that 
will  be  able  to  produce  filter  runs  of  8-hour  duration 
before  the  headloss  across  the  filter  exceeds  14  inches 
of  mercury  at  a  hydraulic  filter  loading  of  4  gpm/sq  ft. 
The  filtrate  must  also  have  an  effluent  turbidity  less 
than  5  FTU. 

FILTER  RUN.    (1)   The  interval  between  the  cleaning  and 
washing  operations  of  a  rapid  sand  filter.      (2)   The  inter- 
val between  the  changes  of  the  filter  medium  on  a  sludge 
dewatering  filter. 

FILTRATE.     The  liquid  which  has  passed  through  a  filter. 

FILTRATION.     The  process  of  passing  a  liquid  through  a 
filtering  medium   (which  may  consist  of  granular  material, 
such  as  sand,  magnetite,  or  diatomaceous  earth,  finely 
woven  cloth,  unglazed  porcelain,  or  specially  prepared 
paper)   for  the  removal  of  suspended  or  collodial 
matter. 

FLOC.     Small  gelatinous  masses  formed  in  a  liquid  by  the 
reaction  of  a  coagulant  added  thereto,  through  biochemical 
processes,  or  by  agglomeration. 

FLOCCULATING  TANK.     A  tank  used  for  the  formation  of  floe 
by  the  gentle  agitation  of  liquid  suspensions,  with  or 
without  the  aid  of  chemicals. 

FLOCCULATION.     The  agglomeration  of  colloidal  and  finely 
divided  suspended  matter  after  coagulation  by  gentle 
stirring  by  either  mechanical  or  hydraulic  means.     In  bio- 
logical wastewater  treatment  where  coagulation  is  not  used, 
agglomeration  may  be  accomplished  biologically. 

FLOCCULATOR.      (1)   A  mechanical  device  to  enhance  the  for- 
mation of  floe  in  a  liquid.    (2)  An  apparatus  for  the 
formation  of  floe  in  water  and  wastewater. 

FOAM.     A  collection  of  minute  bubbles  formed  on  the 
surface  of  a  liquid  by  agitation,   fermentation,  etc. 
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FOOD  TO  MICROORGANISM  RATIO    (FM) .     The  ratio  of  the  pounds 
of  biochemical  oxygen  demand  removed  to  the  pounds  of 
activated  solids  biomass. 

HIGH  PURITY  OXYGEN  ACTIVATED  SLUDGE.      Activated  sludge 
process  utilizing  pure  oxygen  for  aeration. 

HYDROGEN-ION  CONCENTRATION.     The  weight  of  hydrogen  ion  in 
moles  per  liter  of  solution.     Commonly  expressed  as  the  pH 
value,  which  is  the  logarithm  of  the  reciprocal  of  the 
hydrogen-ion  concentration. 

LIME.     Any  of  a  family  of  chemicals  consisting  essentially 
of  calcium  hydroxide  made  from  limestone   (calcite)  which 
is  composed  almost  wholly  of  calcium  carbonate  or  a  mixture 
of  calcium  and  magnesium  carbonate.     Lime  dosage  given  as 
dosage  of  CaCOH^. 

MEAN  CELL  RESIDENCE  TIME.      The  total  active  microbial  mass 
in  the  activated  sludge  treatment  system  divided  by  the  total 
quantity  of  microbial  mass  withdrawn  daily  from  the  system. 

MIXED  LIQUOR.     A  mixture  of  activated  sludge  and  organic 
matter  undergoing  activated  sludge  treatment  in  the  aeration 
tank . 

MIXING  BASIN.     A  basin  or  tank  wherein  agitation  is  applied 
to  water,  wastewater,  or  sludge  to  increase  the  dispersion 
rate  of  applied  chemicals;   also,   a  tank  used  for  general 
mixing  purposes. 

OVERFLOW  RATE.     One  of  the  criteria  for  the  design  of  set- 
tling tanks  in  treatment  plants;  expressed  in  gallons  per 
day  per  square  foot  of  surface  area  in  the  settling  tank. 

PRIMARY  COAGULANT.     A  compound  responsible  for  coagulation; 
a  floc-forming  agent. 

PRIMARY  PHYSICAL /CHEMICAL  TREATMENT.     Treatment  consisting 
of  the  addition  of  coagulant  chemicals  to  the  wastewater 
followed  by  sedimentation  basins.     The  sedimentation  basin 
effluent  is  the  final  effluent. 

RETURNED  ACTIVATED  SLUDGE.     Settled  activated  sludge  re- 
turned to  mix  with  incoming  raw  or  primary  settled  waste- 
water. 
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VOLATILE  SOLIDS.     The  quantity  of  solids  in  water,  waste- 
water, or  other  liquids,   lost  on  ignition  of  the  dry  solids 
at  600°  C. 


ABBREVIATIONS 

A/S  -  Activated  sludge 
BOD  -  Biochemical  Oxygen  Demand 
COD  -  Chemical  Oxygen  Demand 
cu  m/day  -  cubic  meters  per  day 

cu  m/day/sq  m  -  cubic  meters  per  day  per  square  meter 

EPA  -  Environmental  Protection  Agency 

FTU  -  Formazin  Turbidity  Units 

g/day/sq  m  -  grams  per  day  per  square  meter 

gpd  -  gallons  per  day 

gpd/sq  ft  -  gallons  per  day  per  square  foot 
gpm  -  gallons  per  minute 

gpm/sq  ft  -  gallons  per  minute  per  square  foot 

HEM  -  Hexane  extractibe  material   (oil  and  grease) 

HPO  -  high  purity  oxygen 

JTU  -  Jackson  Turbidity  Units 

kg/sq  cm  -  kilograms  per  square  centimeter 

1/min/sq  m  -  liters  per  minute  per  square  meter 

lb/day/sq  ft  -  pounds  per  day  per  square  foot 

MCRT  -  mean  cell  residence  time 

mgd  -  million  gallons  per  day 

mg/1  -  milligrams  per  liter 

MLVSS  -  mixed  liquor  volatile  suspended  solids 

pH  -  Hydrogen-ion  concentration 

ppb  -  parts  per  billion 

PP/C  -  primary  physical  chemical 

ppm  -  parts  per  million 

psi  -  pounds  per  square  inch 

Q  -  flow  rate 

RASVSS  -  return  activated  sludge  volatile  suspended  solids 
RWQCB  -  Regional  Water  Quality  Control  Board 
scfm  -  standard  cubic  foot  per  minute 
SVI  -  sludge  volume  index 

SWRCB  -  State  Water  Resources  Control  Board 

TDS  -  Total  Dissolved  Solids 

TP/C  -  tertiary  physical/chemical 

TS  -  Total  Solids 

TSS  -  total  suspended  solids 

tu  -  toxicity  units 

VSS  -  volatile  suspended  solids 
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